Recently, rapid and quantitative assays were developed for a number of viruses (10, 11, 13) and a rickettsia (12); these assays are based on immunofluorescent staining of infected cell monolayers and ..numeration of cells containing fluorescent viral or rickettsial antigens. The feasibility of extending this technique to the assay of Venezuelan equine encephalomyelitis (VEE) virus was investigated, because it was previously demonstrated that cells infected with the virus are amenable to immunofluorescent staining (26) . In developing the assay, certain specific requirements were encountered for the attachment of VEE virus to cells; these requirements, in some aspects, may be unique to this arbovirus. The availability of a quantitative assay of the virus and of a technique that promotes efficient, rapid, and almost synchronous virus attachment to cells facilitated kinetic studies on the early reactions between this animal virus and host cells.
This report describes an investigation of initial virus-cell interactions in the course of developing a rapid assay of VEE virus by the fluorescent cell-counting technique. The relevance of the findings to other virus-cell host systems is discussed.
MATERIALS AND METHODS
Virus. The Trinidad strain of VEE virus was used throughout this study; its history has been recorded elsewhere (15) . A working suspension of virus was prepared by inoculating monolayers of McCoy cells grown in milk dilution bottles with a 10~> dilution of 20% chick embryo suspension of virus. After adsorption of inoculum at 35 C for 2 hr, cell monolayers were washed, overlayed with 5 ml of maintenance medium, and incubated at 35 C. Widespread destruction of cell riionolayers occurred within 40 hr. The cell cultures were then frozen and thawed, and the culture fluid was distributed in 1-ml portions into glass vials and stored at -60 C. The suspension contained 10" mouse intracercHral to«, units of virus per ml. Prior adaptation of VEE virus to the cell line was not a requisitP; hecause mouse brain or embryonated egg suspensions of virus readily infected cell monolayers.
Cell line and cultivation. The established cell line, McCoy, derived from human synovial tissue (8) was used in the assay of virus. Preliminary tests indicated that more than 99% of the cells were susceptible to the virus. Nutrient medium for the cell line consisted of mixture 199 containing 0.5% lactalbumin hydrolysate, 10% heat-inactivated calf serum, and 50 «*g of streptomycin and 75 jig of kanamycin per ml. (jells were cultivated on circular cover slips (15 mm diameter) inverted in flat-bottomed glass vials (19 by 65 mm). A 1-ml amount of cell suspension, containing 10 s to 3 X 10 s cells, was introduced onto cover slips which were then incubated at 33 C for 24 hr, or until a complete cell monolayer was formed. Cell monolayers were washed with an appropriate diluent before the addition of virus inoculum.
Virus assay. Determinations were usually carried out in triplicate. Virus dilutions were prepared in phosphate-buffered saline (PBS), pH 7.1, free of calcium or magnesium ions. This consisted of 8.5 g of NaCl, 1.07 g of NaiHPO« (anhydrous), and 0.39 g of NaHjP0 4 -2HiO per liter of distilled water. Inoculum in 0.2-ml volume was introduced directly onto coverslip cell monolayers after their transfer from glass vials to rotor chamber inserts (11). The latter were employed because they withstand the high centrifugal force required to sediment VEE virus. Rotor chamber inserts placed in a swinging-bucket SW 25.1 rotor were centrifuged in a model L Preparative Ultraccntrifuge (Beckman Instruments, Inc., Spinco Division, Palo Alto, Calif.) at 19,642 to 29,432 X g for 15 mm at 30 C. The residual inoculum was removed after centrifugation, the cover-slip cell monolayers were placed into glass vials, and 1 ml of maintenance medium was then added to each vial. After incubation at 35 C for 1 hr, the maintenance medium was replaced with 1 ml of a 1:40 dilution of virus antiserum in mixture 199 (serum neutralization index, 4.8 log« for undiluted serum). The rationale for this procedure is presented in Results. After further incubation at 35 C for 20 to 24 hr, cover-slip cell monolayers were rinsed twice with cold PBS, fixed with cold (-60 C) acetone, and either prepared immediately for immunofluorescent staining and cell-counting or stored at -60 C. Fluorescence of viral antigens in fixed cell cultures was not diminished when they were stored under these conditions for 8 weeks.
The method of intracerebral inoculation of mice for assay of virus has been described previously (15) .
VEE antiserum conjugate and immunofluorescent staining. Aerogenic vaccination of rhesus monkeys was employed to make VEE antiserum. One month after vaccination, the animals were bled. The antiserum was conjugated with fluorescein isothiocyanate by the method of Riggs et al. (35). To remove unbound dye, the conjugated antiserum was passed through a column of Sephadex G-25.
The direct fluorescent-antibody method was used to demonstrate immunofluorescence of viral antigens in infected cells. Fixed cell cultures were washed three times with PBS and stained with conjugated antiserum for 30 min at room temperature. Cover slip cell monolayers were then rinsed in two changes of PBS (to remove excess conjugate) and mounted in a semipermanent medium (36).
Fluorescence microscopy and cell-counting. Coverslip cell cultures were examined with an American Optical microscope equipped with a In addition, the values were often as much as 1.0 log unit less than that obtained by the method of intracerebral inoculation of mice. To test the hypothesis that these events may be related to the attachment of virus to cells, different diluents were employed to prepare virus inoculum. The molarity of CaCU and MgClj in diluents was similar to that usually found in cell cultivation reagents. Immediately after centrifugation of virus inoculum onto ceils, monolayers were rinsed twice with PBS and treated in the prescribed manner. Virus attachment and, consequently, virus assay values were significantly affected by the composition of the diluent ( Table 1 ). The largest quantity of virus that attached to cell monolayers occurred with PBS containing a monovalent cation; smaller amounts of virus attached in the presence of divalent cations. Magnesium ions were more marked in impeding virus attachment than were calcium ions. In the presence of calf serum, virus attachment decreased as the concentration of serum increased. In view of these findings, PBS free of calcium and magnesium ions was employed routinely as the virus diluent.
The possibility that the low assay values obtained with diluent containing divalent cations might be the result of virus elution from cells after initial attachment was investigated. Virus inoculum was prepared in PBS containing calcium and magnesium ions and in PBS free of these cations. Immediately after centrifugation of inoculum, cell monolayers were rinsed twice, and a 0.2-ml volume of the corresponding diluent was added to cell monolayers. At 30-min intervals, the diluent was removed and assayed for virus in the usual manner. Although virus appeared to elute more rapidly in PBS containing CaCU and HAHON AND COOKE J. VlROL.
MgCU than in PBS free of the divalent salts, the amount that eluted in the presence of either diluent was less than 0.1 f /C within 2 hr (Table 2) . Comparable results were noted with mixture 199 containing 5% calf serum. Virus elution from cells was not a significant factor contributing to low virus assay values. An additional factor considered was that of virus aggregation. Virus suspended in PBS containing divalent salts was treated for 5-, 10-, and 15-sec intervals with an ultrasonic probe, model BP-1 (Blackstone Ultrasonics, Inc., Sheffield, Pa.). Assay values were comparable between sonic treated virus suspensions and untreated controls. There was no indication from the results that virus aggregation occurred in the presence of divalent cations.
To ascertain whether the electrolyte requirement for maximal attachment of VEE virus to cells is dependent on the presence of a specific cation, other monovalent cations were substituted for sodium in 0.01 M phosphate buffer. Maximal attachment of virus was attained only with NaCl (Table 3) . Less effective in promoting virus attachment were the monovalent cations ootassium and 
FKJ. 3. Effect of temperature on the penetration of VEE virus into McCoy cells as measured by tnsensitivity to viral antiserum.
Earlier, it was demonstrated that a specific monovalent cation was required to attain maximal attachment of VEE virus to cells. The presence of divalent cations appeared to affect the process. To ascertain whether specific cations were needed to affect virus penetration into cells, cell monolayers were incubated at 35 C for 1 hr with medium of different cationic content immediately after virus attachment. The test media for virus penetration were then replacec. with 1 ml of an appropriate dilution of virus antiserum, and the cell cultures were incubated for 20 hr. From the comparable assay values obtained with the different media (Table 5) , it is evident that the presence of electrolytes was not a prerequisite for virus penetration. Since cell monolayers were routinely overlaid (with mixture 199 containing 5% calf serum) after virus attachment, this practice was continued.
Incubation period. The rapid rate of VEE virus multiplication in cell cultures (27) 
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The mode of distribution of fluorescent cells on a cover-slip inonolayer was determined by examining 200 random microscopic fields. The frequencies of field containing infected cells correspond closely to the theoretical frequency (Fig. 7) . The x l test of goodness-of-fit of the observed data to the theoretical Poisson distribution showed no significant deviation (probability = 0.83 with degrees of freedom = 6). Fluorescent cells were randomly distributed in cell monolayers.
Pie sensitivity of the fluorescent cell-counting assay was compared with that of intracerebral Table 6 show that assay values were comparable by either method. The fluorescent cell-counting assay, however, exhibited less variability than the mouse assay. By the former, results were attained within 20 hr; by the latter, an observation time of 10 days was needed before assay values could be estimated. 
